Charge-transfer complexes of 2, 3-dichloro-5, 6-dicyano-1, 4-benzo quinone (DDQ), 2, 3, 5, 6-tetrabromo-1, 4-benzoquinone (Bromanil) and iodine as electronic acceptors with cytosine, uracil and thymine as electronic donors were studies and their electronic spectra were recorded. In each case one charge-transfer (CT) band was observed and recorded. These spectroscopic investigation make in ethanol solvent at four different temperatures (20, 25, 30 and 35°C). The values of equilibrium constant (KCT), molar extinction coefficient (εCT (, absorption band energy of chargetransfer complexes (hνCT) and the dissociation energy of the charge-transfer complexes excited state (W) were calculated and studied with discussed. The ionization potential of the donors (IP) were calculated and discussed from the charge-transfer complex band lowest energy. Thermodynamic parameters i. e. change in standard free energy (ΔG°), change in standard entropy (ΔS°) and change in standard enthalpy (ΔH°) for all these CT complexes were also calculated and discussed.
Introduction
Certain aromatic hydrocarbons, amines, phenols etc., when mixed with nitro compounds, quinones, carboxylic acids, solfonic acids, halogens. 2, 5-dihydroxy-pbenzoquinone, 2-hydroxy-1. 4-napthoquinone and tetracyanoquinodimethane formed intensely colored molecular complexes [1] [2] [3] [4] . The formation of charge-transfer (CT) complexes may be proved by the study of associated characteristic abrupt changes from ideal behavior in certain physical properties [5] . These properties include melting point, vapor pressure, viscosity, surface tension, dielectric constants and refractive index. Mullikan has developed the theory of intermolecular interaction, which has been applied successfully to the interpretation of the UV absorbance band characteristics of molecular complexes in various system [6] . The pyrimidine from charge -transfer complexes with organic acceptors although in some cases, these may convert quite rapidly to chemical compounds. The weak complexes formed with aromatic hydrocarbons are stabilized in part by charge-transfer forces [7] . The calculation and spectroscopic studies showed that pyrimidine are electron donors that can enter into charge-transfer interactions with suitable electron acceptors [8] [9] [10] .
In the present work, spectrophotometer studies have been carried out for chargetransfer complexes of each one DDQ, Bromanil and iodine with uracil, cytosine and thymine in ethanol solvent at four different temperatures (20, 25, 30 , and 35 o C). The equilibrium constant of charge-transfer complex (KCT), molar extinction coefficient of CT complex (εCT), absorbance band energy of CT complex (hνCT), dissociation energy of CT complex excited state (W) and ionization potential of the donors (Ip) were calculated. The thermodynamic parameters (ΔG°), (ΔS°) and (ΔH°) of CT complexes formation from donors and acceptors were also calculated.
Experimental
Ethanol solvent was (AnalaR) of "BDH", Acceptors and donors used were 2, 3-dichloro-5, 6-dicyano-1, 4-benzoquinone (DDQ) of "Fluka" of purity greater than 98%, and 2, 3, 5, 6-tetrabromo-1-4-benzoquinone (Bromanil) (G. R) of "BDH" and iodine (pure) of "BDH", uracil and cytosine (puriss) of "Fluka" and thymine (G. R) of "BDH". All donors and acceptors were used without further purification (shown in Scheme (I)) Varian DMS 100 UV-Visible spectrophotometer was used to record the electronic spectra using 1 cm quartz absorption cell. The CT complexes of bases of uracil, thymine and cytosine were investigated with DDQ acceptor in ethanol solvent spectrophotometrically at wavelength maximum (λmax) of the complex. This limited work is done for the future since the CT complexes of bases with the electronic acceptor were investigated for first time in this study. The measurements of the optical density of CT complexes at their (λmax) were done directly from the preparation of the complexes at four different temperature (20,25,30 and 35 0 C). The concentration of acceptor being kept constant in all solutions.
Results and Discussion
The acceptors DDQ and Bromanil form a light yellow solutions, iodine forms a light violet solution in the ethanol solvent, whereas all the donors form colorless solutions. Wavelengths of absorbed maximum (λmax) and molar extinction coefficients values of donor or acceptor (ε) and (εCT) for CT complex in ethanol solvent were determined and summarized in Table (1) . DDQ is strong acceptor having electron affinity (Ea) 1.95 ev [7, 11] . On maxing solutions of acceptors with donors a distinct color change observed in ethanol solvent under study. Appearance of a new band on mixing solution of DDQ with one of the donors indicates the formation of CT complex. Neither the donors or the acceptors alone was found to absorb in that region. Electronic spectra of CT complexes of DDQ with various donors (Figs.(1-3) ) in ethanol solvent and with different temperatures were recorded and their λmax and equilibrium constant values (KCT) for CT complexes are reported in Table ( 2). Rapson, Saunders and steward [12] have observed that the donoracceptor ratio in aromatic complexes is usually one, unless tow or more structurally independent coordination sites are available in donor molecule.
The equilibrium constants (KCT) and the molar extinction coefficient of CT complexes (εCT) were determined using modified BenesiHiledebrand [13] 
. (2) and that of first excited state as follows:
Where ψ° (D,A) and ψ1 (D + .. A -) are non bond and dative bond wave functions respectively and (a, b, a * and b*) are constant physical parameters.
For weakly interaction complexes a >> b, the energy of transition from ground state to excited state of CT complex can be given as follow [14, 15] : Where (hνCT) is absorption band energy of CT complex, (IP) is the ionization energy of the donor,(Ea) is the electron affinity of the acceptor and (W)is the dissociation energy of the CT complex excited state . Foster [7] has shown that the frequency of the CT spectra were proportional to the ionization energies of the donors: In the present work a and b from equation (3) are equal to (a = 0.5, b = -1.69 eV) of DDQ acceptor in ethanol solvent [7, 11] .
The comparison of the position of absorption bands with the ionization potential of the donor was found by McConnell, Han and platt [16, 17] to facilitated by a equation (6) that was linear for ionization potential between (7-13) eV. Where (hνCT) is transition energy for CT band, (C1 and C2) are physical constant parameters of electron acceptor in the solvent (C1=0.51eV and C2=1.27eV 2 in ethanol solvent) [7, 11] .
According to the equation (4) of the formation CT complexes from two acceptors with one donor, electron affinity (Ea) calculates of acceptor 1 when other values are known by the following equation (7):
The above equation (7) [18] .
The ratios of these complexes are (1:1), and since: (i) the lowest unoccupied molecular orbital LUMO available in DDQ and Bromanil are π* molecular orbital and (ii) molecules of donors are very rich in n-electronic pairs, therefore the expected type of electronic transition for CT complexes from highest occupied molecular orbital HOMO in donor to LUMO in DDQ or Bromanil acceptors are the transition type (n→π*), while the LUMO in iodine is the (σ*) molecular orbital, hence the expected type of electronic transition for CT complexes from HOMO in donor to LUMO in iodine is the transition type (n→σ*) [7, 17] . The kinetic of the association of electron donors with electron acceptors have been reported in literature [7, 15] . Ionization potentials were calculated by using of equations (5) and (6) as evident in Table (4) , which also include determined ionization potentials values in the literatures [20] [21] . All these results arrived to agreeable degree greater than 99%. The calculated ionization potentials values in this work of the donors were with average (8.155 ± 0.188) eV by using of equation (5) and (8.099 ± 0.33) eV by using of equation (6), and explain that resume the like molecules structure of donors by contained all molecules on the pyrimidine ring as basic in the molecule. The ionization potential value of the uracil greater than those of the thymine because presence of methyl group as electron with donating group in thymine and this lead to increase electronic density on pyrimidine ring, hence the electron in electronic pair on nitrogen atom is more active to transition from HOMO.
The variation in equilibrium constants values (Table ( 2)) of formation CT complexes depend on the electronic density factor of nitrogen atom (*) of amino group in cytosine and nitrogen atom of pyrimidine ring which was steric hindrance lower in uracil and thymine. The electronic density increase with certainly facilitate the formation of CT complexes .The KCT value of (DDQ-thymine) complex is about twofold nearly than those of (DDQ-uracil) complex. This can be explained by the presence of methyl group as electron donating group may enhance the formation of CT complexes by increasing the charge density of the nitrogen atoms in the pyrimidine ring of thymine, whereas the KCT value of (DDQ-cytosine) complex is large nearly because the lone pair of electrons of NH2 group is available in the molecular structure same of pyrimidine ring. The equilibrium constants values of CT complexes of donors with DDQ increased as follows:
KCT of Cyt. > KCT of Thy. > KCT of Ura.
Effect of the nature of donors and temperature on spectroscopically calculated equilibrium constant, molar extinction coefficient and ionization potential is discussed below:
Effect of Donor
All the donors used in this study are substituted pyrimidine rings. The donors are a different in the spectral behavior as observed from Table ( 3). This different due to presence of methyl group at 5-position in pyrimidine ring of thymine and amino group at 4-position of cytosine and without presence of methyl or amino group on the ring of uracil. CT complexes of cytosine and thymine are much more than those of uracil as evident from their respective KCT values (Table ( 2)). Large value of KCT indicates greater stability of a given CT complex. Increase in the values of KCT of thymine complex in comparison with uracil complex may be due to substituted methyl group in.
(*) According to program [19] of molecular orbital theory which shows HOMO in the molecules (charge density distribution in the molecules). thymine. Methyl group increase the electron donating effect by hyper conjugating inductive effect. It is expected that presence of methyl group at 5-position of pyrimidine ring in thymine may enhance the electron donating effect. Same effect is reported for iodine mono -chloride complexes [23] . Very strong absorption band is absorbed for cytosine complex which may be to due to the presence of strong electron donating resonance effect of amino group.
Ionization potential of uracil is greater than cytosine and thymine as shown in Table (4) . On the basis of ionization potential of donors lower KCT values are expected for uracil, which is in agreement with our experimental results (Table (2)). Cytosine have larger λmax (highest) value as compared to all the other donors, this may be due to strong electron donating resonance effect of amino group.
Effect of Temperature
Temperature effects with the value of KCT and width of the absorption band as well as the absorbance of CT complexes. Therefore studies of these CT complexes of DDQ are carried out at different temperatures (20°, 25°, 30° and 35°C). In a reversible chemical interaction the equilibrium constant may increase with temperature. In the CT complexes under study generally KCT values of donors increased with increase in temperature. This may be due to an increase in the stability of these complexes upon increasing temperature. This trend is similar to one reported in may systems [23] [24] [25] [26] .
Generally as evident from Table ( 3) the values of molar extinction coefficients increase with the increase in temperature for cytosine and thymine complex in a similar fashion as reported for (N,N-dimethyl formamde-iodine) system in dichloromethane solvent [24] . But in case of uracil complex of DDQ the value of εCT found to decrease with the increase of temperatures further investigation are required for the understanding of this trend.
Thermodynamic Parameters
Thermodynamic parameters ΔG°, ΔH° and ΔS° are the measure of the stability of the CT complexes as evident in Table ( [27, 28] . This expected trend from the Mulliken theory that there should be a slight admixture of CT states so that D and A aquivers slight positive and negative charge respectively [29] . The polar solvent molecules will tend to become oriented so as to stabilize these partial changes and despite the restriction of the Frank-Condon principle leading in a grater stabilization of excited states and hence resulting a lower energy shift. a Ionization potential were calculated by equation ( 
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